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^ooeesiag metala hy cGapreasion (rolling and .nilllng) Is charaoterlKod by 
Tarlable rates of dafomatlon, which have not been thoroughly Inrestlgeted. An 
attenpt is sade In this article to explain one effect which takes r^aoe during a 
Tarlable def (nation rate. 

Let a prlBB of hel^^t Zna be conpreesed between plaies'of a press at the rate 
of V*ft/seo. The rate of deform t Ion will then equal 

A»jnir« = -jc. 

f-f' xM r* 

This equation can also be extended to other ccmpresslre processes since these 
can be ocmoldered to be oosApcoed contractions (or expanslona) of rarlouB pi'l®»fl In- 
to which any solid undergoing transformtlon way be theoretically broken up. 

l%e approxlmte relation between defonflatlon rate and resistance during plas- 
tic deformtlOD is shown In Figure 1 * Resistance grows with Increase in ratn and 
atyaptotlcally approaches a certain saximua. 

There is not nuch experlnental data to establish the exact relation, bat It 
can be reliably accepted, that the indicated ■aximot resistance during *^01 ** defor- 
■atloDs is two or three tljies greater than the Initial reelstance, which Is ob- 
serwed at deformtlon rates close co zero. 
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In roiling Iron, forging, a:.a die the defoirraation rate varies from 

-.several thoufiand e , to . 7ero... at, .the end of det'orma-, ., 

ticn. Quite an importaiv;: problem dippeare* narijely/ ho^; to oompute this var^ahle 
rat© during the determination of resistance. 

The theory of processing metals by corapreaeion usually assumes that there is 
a close connection between deformation rate and resistance and that tho reoletance 
drops with the decrease in rate In accordance with the approilaate relationship 
graphed In yigure 1, Therefore, the determination of resistance Involves the quea- 
tlon of average defonmtion pates. Becauce the final rate always equals aero, this 
average is approximately half the initial rate, if in the first approximation the 
deformation rate is aflsumed to diminish linearly. 

It seems to ua tfc:t this point of view is not completely accurate, for the 
reason that the tim? of stay of the metal in the deformed state la so short that 
the resistance cannot decrease to the same extent as the deformation rate. 

For the explanation of .this we- shall examine the graph In Figure 2, which 
shows the contraction of a small cylinder of alloyed lead and antimony in a press 
which con quickly atop and start again. (The duration of the stops grows succea- 
Slvely shorter . ) After each stop, the deformation rate equals zero; the reeletance 
Increases rapidly at first, and then more and more slowly. This phenomenon la 
known as ^relaxation*' and is caused by the fact that plastic deformation decreases, 
aince it takes place at the expense of elastic deformatlcn after preoe stoppage, 
Poslscajaoe Is proportional to elastic deformation and decreases in proportion to 
decrease of the latter. 

This "internal" deformation is no different in principle from ordinary defor- 
mation, but the outer dimensions of the cylinder remain unchanged, and according 
to tho accepted definition of defoiiaatlon rate (l), the deformation rate Is equal 
to zero. The relaxation rate Is measured by the decrease in resistance per second; 
from this point of view it represents an essentially new quantity which is depend- 
ent only upon tho "excess'* clastic deformation emd is not connected with the change 
in form of the solid. We shall note, by the way, that the excess elastic doformatl':. 
depends not only upon the mechanical properties of deformed metal, but also upon 
tho hardness of the machine, althoijgh this condition does not influence greatly our 
line of roascnlng here. 

The shorter the duration of press stoppage, the less the relaxation acclon can 
develop and the less the resistance decreases; in the optimum case, where the presa 
stops Just for one instant, resistance would not be able to decrease at all, al- 
though the defomatlon i-ate would equal zero. 

If, Instead of fully atopolng the press, we suddenly decrease its rate, then 
the described characteristic of the phenomenon is preserved: after the rate is 
decreased, the resistance will begin to fall and strive to attain the value corre- 
sponding to tho new lower deformation rate. This value will be attained only 11 
tho duration of the press movement at the decreased rate Is sufficiently great so 
that the excess of stress (elastic deformation) will be absorbed at the expense of 
relaxation, Reversely, a decrease ir resistance will be obtained which beccMes 
smaller the shorter the time of change in the press, as shown in Figure 3 » 

If we go still further and replace the instantaneous change of rate by a grad- 
ual rate and consider it as succession of many instantaneous changes, then ve will 
reach the followli^ conclusion: In order for a fixed relation to exist between 
deformation rate and resistance, the rate of decrease of the rate must he lover 
than or equal to the relaxation rate. 

The matter is entirely different during increase In rate. Figure 2 shows 
that resistance grows gradually with increase In rate (the starting of the press); 
however, this is not caused by the softening of the metal during the stopping ol 
the press. After the starting of the press, the deformation rate immediately 
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i-eaches Its previous value and at once a close relation is eetabliBhed between 
rat© and resiatant-e, viiicii iiicrea^ea only due to the liiu'dening tailing place. In 
order to satisfy ourselves that, this is so, let ue see the difference hetveeii the 
phenomenon phaerved during decreasing rates and that dui'lng incrf.aBing rates. 


TIa© press plates, during contraction, ure able onXy to ccajie together; there- 
fore, once elastic deformation (and the atresa which is proportional to it) appears, 
it can he decreased onl/ at the expense of relaxation, for ’:*hlch a definite time la 
reqaiired. Increase In elastic defomiations oeiween the converging press platee la 
poos.ihle and takes place ahnost Instantaneoraly. If the rate is increased, then 
real 'Stance increases, and immediately a relation hetween rate and resistance I 0 
estahlltihed, as only a second Is needed for creating a Bupplementary elastic defor- 
mation. 


It Is difficult to evaluate to what extent, the resistance can decrease during 
forging or iron rolling. The duration of these proceeaes, ae can he easily veri- 
fied hy calculation, fimounta to some tenths or hundredths of a second. On the 
other hand, due to the enormous change in rate, the excess stress ohtalned is quit?* 
considerable and the relaxation rate is very high. This problem .can only he solved 
by tests on a h^gh -speed press, which permits a change In rate during? one stroke, 
l.e^, to obtain a dlagiyim similar to that shown in Figure 3* Neither the construe- 
V Ion of such a press nor the . meaauremen b cf the stress appearing during It is tech > 
nlcally difficult at this time. 


of this problem is a matter of great importance, if 
a decrease in, reGistance Is insignificant, and this appears to bo quite probable, 
then the roslstano© during forging ahi if Qh is aost accurately obtained from 

the initial rate of defonnatlon. These initial rates are quite high (from 10,000 
to 3 <^>000 per second), and, as can be seen from Figure 1, they give approximately 
the same value of resistance close tc the maximum. In such a case, the factor of 
variable rate Is excluded from the calculations in detormlnlng resistance, and thus 
the oalculatlons of technological processes become greatly simplified. 


Appended figures follow^ 
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